Formation of perineuronal nets in organotypic mouse brain slice cultures is independent of neuronal glutamatergic activity.
Perineuronal nets (PNs) are a specialized form of the extracellular matrix and cover specific sets of neurons in distinct brain areas. Animal experiments on sensory visual deprivation have demonstrated that the generation of PNs around neurons of the visual cortex is dependent on neuronal activity during the critical period of visual experience. The importance of the activity of specific neurotransmitter systems for PN formation has, however, not yet been demonstrated. Based on the predominantly glutamatergic innervation of the visual cortex we hypothesized that reduced glutamatergic activity impairs the development of PNs. To address this question, genetic mouse models with compromised glutamate release [Munc13-1-knockout (KO) and Munc13-1/2 double-KO (DKO)] and chronic pharmacological treatments interfering with specific steps of glutamatergic transmission were used. Under experimental conditions of glutamatergic hypofunction PN formation was studied in organotypic brain slice cultures with Wisteria floribunda lectin binding and with aggrecan immunohistochemistry. After cultivation for 21 days a regular PN formation was observed in brain slices (i) derived from Munc13-1-KO and Munc13-1/2-DKO mice, (ii) after blockade of metabotropic and ionotropic glutamate receptors with MCPG and kynurenate, and (iii) after suppression of glutamate release by blockade of presynaptic Ca++ channels with riluzole. Nonselective suppression of neuronal activity by blockade of voltage-gated sodium channels with tetrodotoxin clearly inhibited PN formation. These results indicate that neuronal activity is required but that the glutamatergic system is not essential for PN development.